Objectives: To assess the effects of CPAP on insulin resistance and glucose metabolism. 
Introduction
Obstructive Sleep Apnoea Syndrome (OSAS) is deemed to be the most important respiratory dysfunction while sleeping. OSAS is defined by the coexistence of an obstructive sleep hypopnoe or apnoea and excessive sleepiness during the day [1] . Its symptoms result from intermittent hypoxia and sleep fragmentation caused by obstructive sleep apnoea [2] . OSAS is found in approximately 4% of middle-aged (30 to 60 years) men and 2% of women [3] , [4] . Continuous positive airway pressure (CPAP) is used as first line treatment if symptoms and disease are severe. The effectiveness of CPAP regarding elimination of obstructive sleep apnoea has been proven by a number of randomised controlled studies [5] , [6] , [7] , [8] . CPAPtherapy is likely to increase quality of life and to decrease fatigue during daytime in patients with intermediate and severe OSAS [9] . The association between OSAS and diabetes mellitus has been discussed controversially. In 2008, an international taskforce of the International Diabetes Federation (IDF) requested that doctors, health care policy and persons concerned should be alerted to the potential link between these diseases and asked to intensify research in this area [10] . Existing data suggest a higher OSAS prevalence amongst patients with diabetes mellitus [11] , [12] , [13] , [14] . It remains unclear whether this is a causal relationship or due to coexistence of the two phenomena, because both diseases are commonly associated with obesity. Several possibilities regarding the postulated relation of these two diseases are conceivable. Intermittent hypoxia and arousals result in the activation of the sympathetic nervous system followed by the release of contra-insulin hormones like adrenaline and noradrenaline. Moreover, proteins known to induce insulin-resistance like interleukin 6 and tumor necrosis factor alpha are more frequently expressed [15] , [16] . The accumulation of oxidative stress causing or boosting an insulinresistance is also a matter of discussion [17] , as well as a possible relevant shift in the concentration of the adipokines leptin, resistin and adiponectin. Finally, it is assumed that OSAS induced disturbance of the physiological sleep profile itself can cause an impaired glucose tolerance [18] .
It is not clear whether eliminating of the factors mentioned above by the employment of CPAP-therapy would lead to a reduced insulin-resistance or an improved metabolic status for people diagnosed with diabetes type 2. Studies with OSAS patients which have investigated the impact of CPAP-therapy regarding insulin-sensitivity and glucose metabolism have shown heterogeneous results [19] , [20] , [21] [22], [23] , [24] , [25] , [26] , [27] , [28] , [29] , [30] , [31] , [32] , [33] , [34] , [35] , [36] , [37] , [38] , [39] . One of the reasons might be the difference in length of follow up. Available reviews on this subject are non-systematic [10] , [40] , [41] , [42] , neither defining inclusion criteria nor critically appraising primary studies. We therefore conducted a systematic review and a metaanalysis following current methodological approaches [43] aimed to assess the effects of CPAP-therapy on markers of insulin-resistance and glucose metabolism.
Methods

Search strategy
A systematic literature search was performed using the databases Medline (via PubMed), Embase, and the Cochrane Controlled Trial Register. Abstract books of the annual meetings of the German Diabetes Society (Deutsche Diabetes Gesellschaft) covering 1999 to 2009 were screened. The search strategy followed the recommendation of the Cochrane Handbook for Systematic Reviews of Interventions 5.0.2 [43] . The overall search strategy combined search terms for population (adults with OSAS), therapy (CPAP, nasal CPAP (nCPAP), automated positve airway pressure (APAP)), and endpoints (marker of insulin-resistance and glucose metabolism, respectively). Results were limited to clinical controlled studies (see Appendix for a detailed search strategy).
Selection of studies
Titles and abstracts or full texts of identified studies were screened based on pre-defined inclusion criteria:
• Randomised and non-randomised controlled intervention study comparing CPAP, nCPAP or APAP (auto CPAP) therapy with either placebo CPAP therapy or a non treated control group • OSAS was diagnosed by respiratory polysomnography, age ≥18 years • Primary or secondary endpoint defined as marker for insulin-resistance (HOMA-index, plasma insulin level, adiponectin, Hyperinsulinemic Euglycemic Glucose Clamp trial) or glucose metabolism (HbA1c) Exclusion criteria were:
• No control group • Observational study (cohort study, case-control study), review or duplicate • Study having examined children and adolescents Assessment of methodological quality of included studies
Two authors (LH and RM) assessed each trial independently. Disagreement was solved by discussion and consensus finding. For randomised controlled trials the following criteria were applied:
• 
Data extraction
Patients' clinical and demographic characteristics, outcomes, administration way and duration of therapy, and side effects were obtained independently by two reviewers using a standardised form and cross-checked for accuracy. Disagreement was solved by discussion and consensus finding. Extracted data were entered into the Review Manager (RevMan) Version 5 Software.
Data analysis
A meta-analysis was carried out on the outcomes from parallel group studies with a fixed-effect model with mean differences (MD) as summary statistics for continuous variables. For crossover studies, mean differences and 
Results
Results of the search
Our search strategy yielded a total of 926 studies; 920 papers were excluded. 
Included studies
The final sample comprised six studies with a total of 296 participants. Five studies [20] , [21] , [22] , [23] , [44] were individually randomised, one [45] was a non-randomised controlled trial. Sample sizes ranged from n=13 to n=102 [20] , [21] , [22] , [23] , [44] stated OSAS diagnosed by polysomnography as inclusion criterion. Only the non-randomised trial by Davies et al. [45] included patients without OSAS in the control group. Four studies [20] , [21] , [23] , [44] excluded patients requiring urgent CPAP because of respiratory failure, driving or job issues and one study [22] excluded patients with diabetes. The non-randomised trial by Davies et al. [45] stated no inclusion or exclusion criteria. Four trials [20] , [22] , [23] , [44] compared CPAP respectively APAP with placebo-CPAP while two studies [21] , [45] compared CPAP with no therapy. Insulin resistance was assessed by fasting plasma insulin levels and HOMA-Index, adiponectin, or Kitt-insulin-sensitivity index. HbA1c was assessed in two studies [21] , [23] . Studies' characteristics are displayed in Table 1 . 
Risk of bias in included studies
Randomisation
Three studies seem to have used proper randomisation [22] , [23] , [44] whereas the randomisation method has not been described adequately in two studies [20] , [21] .
Adequate allocation of participants
None of the studies reported about the allocation procedure.
Blinding
Four out of five RCTs [20] , [21] , [23] , [44] used double blinding of CPAP respiration in a subtherapeutical manner (placebo CPAP), in the fifth RCT [21] the control group did not receive treatment.
Standardized therapeutic approach
Three RCTs described methods to avoid unequal treatment of study groups [22] , [23] , [44] .
Follow-up
Three RCTs [20] , [22] , [44] used ITT analysis. The study by West et al. [23] does not specify how data were analysed. Since more than 80% of patients randomised have been analysed, adequate follow-up examination can be assumed. The fifth study [21] does not describe exactly the number of participants analysed.
Power analysis
Three RCTs [22] , [23] , [44] reported to have performed a power analysis. The non-randomised controlled study [45] lacks of a detailed description. It remains unclear whether the groups have been equally treated beyond the intervention in question. The dropout rate is 33% in both groups. Statistic analysis is precisely represented.
Effects of intervention Results of the meta-analysis
To judge the effect of CPAP respiration on marker of either insulin resistance or the glucose metabolism the mean values of the study group differences where pooled and assessed, respectively. Assuming that different authors used different laboratory techniques to determine their respective parameters, we also calculated standardised mean values of the differences. The results however remained the same and are therefore not displayed. A significant influence of the CPAP respiration on marker of either insulin resistance or the glucose metabolism was neither observable in the results of the individual (Table 2) nor the pooled study. The study by Kohler et al. [20] was 
Results of the crossover studies
A significant reduction in insulin levels (2 studies, n=61) as a result of the CPAP-therapy was not calculated [mean difference (MD) -2.95 pmol/L, 95% CI -20.39 to 14.50]. Likewise the HOMA-index (2 studies, n=61) did not change significantly (MD -0.77, 95% CI -4.12 to 2.57). Changes in HbA1c-values were analysed to evaluate the glucose metabolism. A slight increase was calculated although it did not reach statistical significance (MD 0.04%, 95% CI -1.06 to 1.14) (MD 0.25 mmol/mol, 95% CI 6.57 to 7.07). The results of crossover studies are displayed in Figure 3 .
Results of the parallel group studies
Pooling of data from two studies did not reveal a significant reduction in insulin levels (MD 0.24 pmol/L, 95% CI -0.63 to 1.10). The non-randomised controlled study by Davies et al. [45] did not show any influence of the CPAP therapy on plasma insulin levels either. Due to methodological shortcomings this study was not included in the meta-analysis. Similar to the crossover studies the HOMA-index (2 studies n=103) did not change (MD 0.07, 95% CI -0.40 to 0.55). Adiponectin levels have been assessed in two studies. A significant change of this parameter could not be observed. Lam et al. [44] additionally determined the Kitt-insulinsensitivity index, which increased statistically significant (MD 1.68%/min, 95% CI 0.3 to 3.06). 
Discussion
Our meta-analysis demonstrated that CPAP-therapy neither positively affects clinical markers of glucose metabolism nor markers of insulin resistance. Four studies have investigated plasma insulin level, HOMA-index and adiponectin in order to assess the extent of insulin resistance. None of the studies found beneficial effects. A single study [44] describes a significant increase of the insulin sensitivity index. The authors suggest a positive influence of CPAP-therapy on insulin resistance. However, no changes in the HOMA-index and plasma insulin level were found. Although considered as gold standard, the hyperinsulinemic-euglycemic clamp technique has not been used for assessment of insulin resistance. Nevertheless, the HOMA-index and the plasma insulin level are also well accepted methods [46] . Two groups [21] , [23] examined HbA1c-values to evaluate the influence of CPAP on glucose metabolism. A significant reduction could not be found. Non-controlled trials suggest that CPAP-therapy has beneficial effects towards the improving of glucose metabolism [28] , [29] , [30] , [32] , [36] , [37] , [47] . Since our meta-analysis did not confirm these findings, this is another piece of evidence demonstrating the discrepancies in results and conclusions between non-randomised and randomised trials. The method to determine insulin resistance importantly influences the studies' results. Harsch et al. [32] found a significant reduction of insulin resistance in n=40 OSAS patients studying the effect of CPAP-respiration in a noncontrolled setting. The hyperinsulinemic-euglycemic clamp technique was used to determine insulin resistance. The diagnostic procedure is complex implicating insertion of a venous indwelling catheter, repeated blood testing and prolonged immobilisation. This might lead to an activation of the sympathetic nervous system which in turn could increase insulin resistance. Changes in the magnitude of insulin resistance before and after the deployment of a CPAP-therapy could therefore only result from the adaption to examination conditions [48] . It is of particular interest whether OSAS independently influences insulin resistance and glucose metabolism or whether an association solely coexists in the presence of obesity. Four of the five trials [20] , [21] , [22] , [23] analysed in our review investigated participants with BMI between 35.8 and 37.1 kg/m². There was no evidence for an independent CPAP-therapy related effect on the glucose metabolism. Ip et al. [49] already suggested obesity as major determinant of insulin resistance while OSAS was judged to have a marginal influence. Some experts argue that patients with high AHI may benefit more by CPAP concerning markers of insulin resistance or glucose metabolism. However, the results generated by the present review are independent of the severity of OSAS and populations' characteristics. It remains unclear whether the results can be extrapolated to women since only four women were included in the review's sample. Compliance with CPAP was on average good varying between 4.7 and 5.5 hours per night in the three trials explicitly reporting on this issue [20] , [21] , [44] . Thus, lack of compliance is unlikely to explain our results. In the study by Coughlin et al. [22] good therapy compliance (>3.5 hrs per night) did not lead to better outcome. West et al. [44] did not find a significant correlation between the length of CPAP use and glucose metabolism.
Strengths and limitations of the review
The strength of our meta-analysis is the inclusion of randomised controlled trials only. However, the primary studies are likely to be affected by important methodological flaws. Three of five randomised studies [20] , [21] , [22] did not report predefinition of the markers of insulin resistance and glucose metabolism as primary endpoints, two studies [20] , [21] did not report a power analysis. Agreement on a set of meaningful endpoints seems to be important for future randomised controlled trials investigating the effects of CPAP on diabetes outcomes. Design and reporting of trials should meet the contemporary standards of the CONSORT statement [50] . Unwanted side effects of CPAP-respiration should be carefully assessed. It is quite unacceptable that none of the six publications included in our review reported on adverse effects. Beyond that, four out of six publications [20] , [21] , [23] , [45] did not present participants' concomitant medication. However, information about participants' prescribed medication is indispensable in this field of diabetes research. We could not rule out a language bias of our systematic review since only English or German language publications were considered for inclusion. Two Chinese publications [24] , [34] were excluded since the English full text was not accessible. However, the English abstract indicated that these publications would not have influenced our results. We could also not exclude a publication bias. Funnel plot statistic was not feasible since the number of included studies was too small.
Conclusions
In summary, an independent influence of OSAS on glucose metabolism could not be confirmed. Thus, CPAPtherapy indication should be placed independently of these parameters especially for people suffering from diabetes. The longest follow-up period of the included studies was 12 weeks only. Unfortunately, currently ongoing trials did not plan longer observation periods [51] , [52] , [53] . Since OSAS is a chronic disease a possible gradual reduction of insulin resistance or improvement of glucose metabolism through CPAP treatment lasting several months could not be excluded. This issue remains to be addressed in long-term randomised controlled trials. These trials should be sufficiently powered, include both sexes, and define changes of insulin resistance as primary endpoint. In the end, clinical efficacy remains to be proven in high quality trials investigating important outcomes such as diabetic complications and patient-reported outcomes. 
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